None of the species Carnobacterium carnis, C. divergens, C. mobile or C. gallinarum showed significant DNA-DNA homology between themselves and other lactic acid bacteria. Nevertheless, the Carnobacterium species were found to belong to the same ribosomal RNA homology cluster. The species in this cluster were distant from the other bacteria tested.
METHODS
Strains and growth conditions. The sources of the strains tested are given in Table 1 . Strains were cultivated in MRS broth or All Purpose Tryptone (APT; Merck).
Isolation of DNA. After 18 h growth, cells were harvested and lysed according to the method described by Rocourt et al. (1982) , except that the lysozyme concentration was increased (to 300 mg per 100 ml of lysate) and 500 units of mutanolysin (Sigma) were added. DNA was extracted and purified as described by Brenner et al. (1982) .
DNA-DNA hybridization. DNA was labelled by nick-translation with , , [3H]CTP (977 GBq mmol-l) and ['HITTP (1.53 TBq mmol-l) (Amersham). DNA-DNA hybridization was done at 60 "C following treatment with S, nuclease and precipitation with trichloroacetic acid (Grimont et a/., 1980) .
Isolation of ribosomal 16s and 23s RNA. Ribosomal RNA (rRNA) was labelled in vivo and extracted according to the method described by Kilpper-Balz & Schleifer (1981) , with the following modifications. Cells were cultivated in 400 ml APT broth (Merck) supplemented with 18.5 MBq [5,6-3H] uracil (1-48 TBq mmol-l; Amersham). They were harvested at the beginning of the stationary phase and suspended in 0.04 ~-Tris/O.02 Macetate buffer (7.2) containing 10 mM vanadyl ribonucleoside complex (VRC; Gibco BRL). After thawing overnight at 18 "C in the cylindrical chamber of an Xpress cells were disrupted by passage through the press at a pressure of 150 MPa. Nucleic acids were extracted with phenol/chloroform and precipitated by NaCl(0-5 M) and ethanol.
Abbreviation : mDAP, meso-diaminopimelic acid. (1974) , and purified by electro-elution for 6 h at 100 V in elution buffer consisting of 0.5 M-ammonium acetate, 1 mM-EDTA (pH 8).
The eluate was purified by extraction with phenol and precipitation with ethanol. After centrifugation at lOOOOg, the RNA pellet was dissolved in 2 x SSC (1 x SSC is 0.1 5 M-NaC1,0.015 M-trisodium citrate, pH 7.0) and stored at -20 "C. The concentration was determined spectrophotometrically at 260 nm. The specific activity of )H-labelled RNA from C. piscicola was 6000 c.p.m. (pg RNA)-'.
DNA-RNA hybridization. Nitrocellulose filters (Sartorius) were loaded with 100 pg DNA. DNA was denatured by 30 min treatment with an equal volume of 1 M-NaOH, then, neutralized by addition of 1 vol. 1 M-HCI, 1 vol. 1 M-Tris/HCI (pH 8) and 2 vols 2 x SSC. This solution was allowed to pass through nitrocellulose under vacuum. Filters were baked in an oven for 3 h at 80°C. DNA-rRNA hybridization and Tm(e) values were determined according to the methods described by De Ley & De Smedt (1975) .
RESULTS A N D DISCUSSION
DNA-DNA homologies between strains of C. piscicola, C. divergens and other species belonging to the genera Carnobacterium, Lactobacillus, Pediococcus, Leuconostoc and Brochothrix are shown in Table 2 . It is apparent that C. piscicola and C. divergens are distantly related to other species of lactic acid bacteria (i.e. 6 22% homology). Moreover, the four species of the genus Carnobacterium share low homology towards DNA of C. piscicola and C. divergens (homology values < 15%). In view of these low values, it is difficult to conclude if these species are genuinely related at the genus level.
Results of DNA-rRNA hybridizations are shown in Table 3 . Hybrids are characterized by the AT,,,, value towards RNA of C. piscicola. This value is the most useful taxonomic parameter to measure RNA cistron similarity (De Vos et al., 1985) . It is apparent that all the Carnobacterium species belong to the same RNA homology group as revealed by the low range of AT,,,,, i.e. from 1 to 3 "C. Several authors (Gillis & De Ley, 1980; Stackebrandt et al., 1981; Kilpper-Balz & Schleifer, 1981) suggest that strains for which the AT,,,, is less than 6 "C can be included in the same RNA homology group. The closest neighbour of C. piscicola, at a AT,,,, of 5 "C, is Lactobacillus plantarum. No close genetic relationship was found between C. piscicola (Sneath, 1986) and from Collins et al. (1987) .
and other species containing mDAP in their cell wall except Lactobacillus yamanashiensis, which shows a AT,,,,,, of 7.5 "C. These genetic findings support the proposal of Collins et al. (1987) for the recognition of a new genus named Carnobacterium. The four member species, though sharing low overall genomic
